The production of and responses to alarm calls by adult ground-dwelling squirrels has been widely documented, yet the development of alarm-call behaviours has not been systematically addressed. The responses of free-living Belding's ground squirrels, Spermophilus beldingi, to playbacks of conspecific (three alarm calls and juvenile squeals) and heterospecific (wren song) vocalizations were observed from natal emergence until the age of dispersal. Discrimination of the five auditory stimuli was not present at emergence but developed within the next 5 days, with responsivity to whistle alarm calls, indicative of fast-moving predators, developing earlier than to trill alarm calls, associated with slow-moving predators. Response patterns (response duration, vigilant postures and initial responses) changed throughout the following 4 weeks, and approximated adult responses before juveniles dispersed. Juvenile responses were indirectly influenced by conspecifics, particularly the dam, as well as by the physical environment, including distance from the natal burrow and location within the meadow. Alarm-call responses appeared to be adapted to the juvenile's current stage of development, with younger juveniles making a trade-off between information gathering and escape responses. The development of appropriate responses to each alarm call is hypothesized to be facilitated by observations of experienced ground-squirrels' responses. Despite their vulnerability, juveniles may not emerge with fully formed associations between alarm calls and responses if the local predator context changes over time, thus favouring plasticity in the response repertoire.
In many species of birds and mammals, predators elicit vocal responses from potential prey labelled alarm calls, which can alert other animals to impending danger (Klump & Shalter 1984) . I use 'alarm call' descriptively to refer to a vocalization elicited by a predator, and do not imply a function or motivation on the part of the caller (Hennessy et al. 1981) . For alarm calls to have communicative value (recipient perceives and interprets the information in the sender's signal: Dawkins & Krebs 1978; Owings & Hennessy 1984) , or adaptive significance (Sherman 1977) , recipients must know how to respond appropriately to the calls, such as with approach or withdrawal behaviours. Responding appropriately involves a cumulative four-stage process ( Fig. 1) : recipients must hear the alarm call, discriminate it from other stimuli, decide whether to respond and, finally, decide how to respond (I do not imply complex mental processes here). The ontogeny of alarm-call response behaviour occurs at all four stages, with each stage contributing to the next (Galef 1981) as sensory, perceptual and motor systems independently develop and integrate (Hogan 1988) . How and when alarm-call responses develop varies between species; some young birds and primates can recognize and respond to conspecific calls upon first exposure (Miller 1983; Herzog & Hopf 1984) , but other naïve young display poor initial discrimination between alarm calls (Rydén 1982; Cheney & Seyfarth 1990) . I have studied the alarm-call responses of young Belding's ground squirrels, Spermophilus beldingi, at the developmental level of analysis (Sherman 1988; Hill 1995) and also interpret their responses within a functional framework.
Ground-dwelling squirrels (Cynomys, Marmota and Spermophilus genera) provide an excellent opportunity to examine the conditions that affect
